This paper presents the comparison of nine nanofiltration membranes to treat water coming from an aquifer recharged with wastewater and used as municipal supply in the Tula Valley, Mexico.
INTRODUCTION
The aquifer of the Tula Valley has been recharged with untreated wastewater coming from Mexico City for more than one hundred years. This happens as a consequence of using the wastewater for agricultural irrigation. Recharge is estimated to be at least 25 m 3 /s (DFID 1998) and has caused the groundwater level to rise, with several springs consequently appearing in the area. Groundwater extracted through wells or taken from a spring is used as a municipal supply only after chlorination ( Jimé nez & Chá vez 2004) . This has been done for more than 40 years, when the decision to use groundwater as a drinking source was made without knowing its origin. This situation can be classified as an example of indirect and non planned wastewater reuse for human consumption according to WHO 2003. Once the origin of the water was known, the government decided to evaluate its quality using reuse criteria (WHO 2003 and US EPA 2004) rather than considering only conventional drinking water parameters. By doing this it was soon found that water needed a more complex treatment based on membranes and not only on chlorination. Previous studies performed on site comparing reverse osmosis with nanofiltration to treat groundwater revealed that this latter one was a better option because it could reduce the total organic carbon content to , 1 mg/L without considerably eliminating salts ( Jimenez & Chavez 2004) . Nanofiltration is effective at removing organic pollutants (Kimura et al. 2003 ) such as pesticides (Kiso et al. 2000) , hormones (Weber et al. 2004) , endocrine disrupters and pharmaceuticals (Yoon et al. 2006) .
It is also good at removing microbiological pollutants. Most of these pollutants are found in the Tula Valley groundwater; however, it is known that not all NF membranes have the same efficiency levels in relation to these compounds.
if the quality of treated water is changed. That is why membranes need to be tested in laboratory conditions (Agenson et al. 2003 and Bargeman et al. 2005) . The objective of this study was to compare the capacity of nine commercial NF membranes to: (a) remove pollutants considered in drinking water standards and wastewater reuse criteria; (b) remove specific organic compounds and microbial indicators; and (c) reduce toxicity and mutagenicity from the groundwater of the Tula Valley in order to produce water acceptable for drinking purposes.
METHODS
The experiments were divided into two phases. 
Nanofiltration system
The NF system comprised a membrane cell (SEPA CF II, OSMONICS), a high pressure pump (STA-RITE, 1 HP), a cooling system and a feed reservoir. The membrane cell was operated with cross flow and had a 140 cm 2 effective area.
The system was used in batch mode, recirculating only the concentrate ( Figure 1 ). Operating conditions are listed in Table 1 .
Membranes
The membranes used for experiment are shown in Table 2 .
Before testing, each new membrane was submerged in distilled water for one hour. It was then subjected to pressure from the filtration system for three hours at the conditions set to perform the test and using distilled water.
Calculations
Observed retention, R o , was calculated using the following equation where C p is the concentration on the permeate and C f the concentration in the influent (feed):
Measured fluxes were standardized at 208C using Equation 2: 
Analysis of data
For the data produced during the first phase of the experiment an ANOVA and the Fisher's LSD method were used; examination of the ANOVA assumptions was also achieved (Montgomery 2005) . For the second phase, data were analyzed calculating simply the arithmetic mean and the standard deviation.
Analytical procedures
The following APHA et al. 
RESULTS AND DISCUSSION
Cerro colorado spring water quality
As observed in Table 3 , the water has microbial pollution and a high salt and dissolved organic matter content.
Therefore it needs not only a disinfection method but also a process for removing organic matter, especially as this might comprise toxic substances considering the water's Organic matter needs to be removed to avoid by products forming during chlorination, as is actually happening now during water chorination (Trujillo et al. 2008) . Tutbidity also exceeded the US EPA criteria of 0.10 NTU. Microbial pollution, dissolved organic matter, salinity and turbidity are all pollutants that can be controlled with NF. All of them were made of polyamide, though NF90, NF270
First phase
and YMDKSP1905 were also thin-film composite membranes. Membranes 302984 and 302986 while not thin-film composites had the smallest molecular weight cut-offs tested (50 and 100 Da, respectively). Due to this, cut-off value selectivity was improved, eliminating most of the organic matter, but their flux was very low. Scott & Hughes (1996) reported that when improving membrane selectivity the flux is frequently reduced.
Membranes with a high salt retention capacity were Considering the data from Table 4 , four membranes were selected for the second phase of the study: NF90, NF270, YMDKSP1905 and 302986. All these membranes had a TOC removal of 98%. Their salt retention (measured as TDS, conductivity, alkalinity or hardness) was variable Table 5 ).
Second phase
Microorganism retention. The Cerro Colorado spring water contained 38^10 UFC/100 mL of total coliforms, 22^14
UFC/100 mL of fecal coliforms, and 1210^410 PFU/L somatic coliphages. With the exception of the YMDKSP1905 membrane that produced a permeate with 3^1 UFC/100 mL of total colifoms, all membranes were capable of fully retaining bacteria (Table 6) Toxicity and mutagenicity. Spring water showed toxicity effects on 20% of exposed organisms, whereas permeates only affected 10% (Table 7) . The damage observed consisted of a decline in the organism's natural motion. Considering these results it is suggested that the consequences of the non treated and treated water be analyzed in more detail using tests that consider long-term effects. There was no mutagenicity observed for the untreated water and hence none was observed for the permeates. 
CONCLUSIONS

